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Abstract
This thesis describes work aimed at improving our knowledge of emissions
to the atmosphere from Australian vegetation fires. The thesis contains three main
parts. First there is a study to characterise the emissions from forest fires in
southeast Australia. This uses ground-based Fourier transform infrared solar
absorption spectroscopy, coupled with ultra-violet/visible spectroscopy, to explore
the properties of smoke plumes from Australian forest fires that passed over the
observation site at Wollongong, in New South Wales, Australia (34.4°S, 150.9°E).
The particulate loading in the smoke plumes is characterised by the aerosol optical
depth, measured at visible wavelengths. Vertically integrated amounts of a several
emitted trace gases are also determined, (limited to those detectable by solar
absorption spectroscopy in the infrared). Enhanced trace gas amounts of carbon
monoxide, hydrogen cyanide, formaldehyde, ammonia, acetylene, ethylene, ethane,
formic acid and methanol were measured in the smoke plumes and quantified via
the use of emission ratios. The emission ratios determined in this study indicate that
emissions from fires in southeastern Australian forests (which are predominantly
eucalypts) are broadly similar to those from other geographical regions except for
comparatively low emissions of ethane.
The second part of this thesis describes a new method of making estimates
of gaseous emissions from fires. Strong correlations between trace gases and
aerosol optical depth (AOD) in smoke plumes are used in conjunction with
satellite-based measurements of AOD to estimate the total amounts of carbon
monoxide and other gases emitted from the Canberra fires of 2003. There are
significant difficulties with the new method, in particular the interruption of the
satellite record due to clouds or technical problems with the satellite. Nevertheless
the estimated emissions of carbon monoxide from the Canberra fires (4.9 – 9.6 Tg),
is in agreement with an estimate made by existing techniques. The addition of
another tool for making estimates of gaseous emissions from biomass burning is
useful for corroborating existing techniques, especially since the sources of
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uncertainties inherent in the different techniques are largely independent of one
another.
The third part of the thesis is a study to characterise the emissions from
savanna fires in the tropical north of Australia. Again ground-based Fourier
transform infrared solar absorption spectroscopy is used with automated
measurements in the near infrared from a site in Darwin, Northern Territory,
Australia, (12.4°S, 130.9°E). Alternatively measurements in the mid infrared can be
made by overriding the automated system, and this has been done when there is
evidence of significant smoke plumes in the area. Total column amounts of carbon
monoxide from Darwin from 2005-2008 show a very clear annual cycle, with
evidence of transported pollution from Indonesian fires in 2006. The time series
agrees within the expected uncertainties with measurements of carbon monoxide
derived from the MOPITT satellite instrument, giving greater confidence to
MOPITT retrievals in the tropics. Mid infrared spectra have been recorded through
smoke plumes over Darwin on 20 separate days, yielding column amounts of
carbon monoxide, formaldehyde, acetylene, ethane and hydrogen cyanide and
emission ratios with respect to carbon monoxide for the four latter gases from
tropical north Australian savanna fires. Emission ratios for acetylene and ethane
from this work are in broad agreement with other literature values, whilst emission
ratios for formaldehyde and hydrogen cyanide are significantly higher than the only
previous field measurements from Australian savannas (but in agreement with
laboratory studies) suggesting storage losses in the earlier study.
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extending towards Northern Australia on 14th November 2006.

129

Figure 5-8. (Prepared by D.P. Edwards). Monthly averaged CO VMRs (ppbv) at
700 hPa retrieved from MOPITT for November 2005 (upper panel) and
November 2006 (lower panel).

130

Figure 5-9. (Produced by D.P. Edwards). MOPITT CO measurements over
Darwin (D.P. Edwards) are shown in green and CO from NIR ground-based
FTIR measurements (this study) are shown in red. The upper plot shows
daily averages as dots and weekly averaged values are plotted as a solid line.
The lower plot represents the weekly mean anomaly as differences from the
mean value for that week of the year determined from the entire MOPITT
time series.
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Figure 5-10. MOPITT CO columns plotted against FTIR CO columns measured
at Lauder, New Zealand and Wollongong and Darwin, Australia. (Produced
by D.P. Edwards).

132

Figure 5-11: Photograph of a Middleton Solar SP02 Sunphotometer as used in
Darwin. (Photograph reproduced with kind permission of David Mathias of
Middleton

Solar

–

see

the

Middleton

Solar

http://www.middletonsolar.com/products/product11.htm)

website:
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Figure 5-12. Time series of hourly averaged AOD values from Darwin. The
error bars are the 1σ standard deviation of the mean for each hour.

134

Figure 5-13. Time series of daily average CO column amounts plotted alongside
time series of daily average AOD at 500nm. The left-hand axis is for CO
column amounts and the right hand axis is for AOD at 500 nm. Error-bars
xvii

are the 1σ standard deviation of the mean for both CO column amounts and
AOD at 500 nm.
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Figure 5-14: MODIS true colour image from the AQUA satellite with detected
thermal anomalies shown as red spots, indicating local fires near Darwin on
31st May 2006. The map was generated in ArcMap using satellite image
courtesy of MODIS Rapid Response Project at NASA/GSFC, and coastline
and

town

locations

from

Spatial

Analysis

Acknowledgements. )

Laboratories

(see
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Figure 5-15: MODIS true colour image from the TERRA satellite with detected
thermal anomalies shown as red spots, indicating local fires near Darwin on
27th April 2008.
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Figure 5-16. Total column amounts of CO derived from near-infrared spectra
plotted against coincident sunphotometer measurements of AOD at 500 nm
taken from Darwin.

138

Figure 5-17 Total column amounts of CO plotted alongside coincident
measurements of AOD at 500nm. The dataset has been cut to remove all
AOD values in excess of 0.75.
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Figure 6-1: Sentinel website showing MODIS thermal anomalies (hotspots)
from the afternoon of June 6th 2008 and the MODIS raster (visible image).
142
Figure 6-2: Image from the webcam on top of the container housing the
spectrometer at Darwin taken on June 2nd 2008 at 13.50 local time. A large
smoke plume is visible to the East behind the hurricane cage and the solar
tracker’s dome.
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Figure 6-3: An example InSb spectra recorded from Darwin.

144

Figure 6-4: VMRs and a priori covariances plotted against altitude (km) for the
44 modelled layers used in the SFIT2 retrieval of CO (upper panel) and
H2CO (lower panel)

146

Figure 6-5: Example fits to a measured spectrum achieved in the SFIT2 retrieval
of CO in all 3 microwindows used: (a) 4226.50 – 4228.30cm-1, (b) 4231.50
– 4232.10cm-1 and (c) 4274.00 – 4275.00cm-1.

xviii

148

Figure 6-6: Example fits to a measured spectrum achieved in the SFIT2 retrieval
of H2CO in both microwindows used: (a) 2777.88 – 2778.92 cm-1 and (b)
2869.435 – 2870.325 cm-1.

149

Figure 6-7: : VMRs and a priori covariances plotted against altitude (km) for
the 44 modelled layers used in the SFIT2 retrieval of (a) C2H6 (b) C2H2 and
(c) and HCN

151

Figure 6-8: Example fits to a measured spectrum achieved in the SFIT2 retrieval
of C2H6 in all 3 microwindows used: (a) 2976.60 – 2977.10cm-1 (b) 2996.70
– 2997.10cm-1 and (c) 3000.10 – 3000.60cm-1.

- 153 -

Figure 6-9: Example fits for the SFIT2 retrievals of (a) C2H2 from 3304.70 –
3305.40 cm-1, (b)HCN from 3268.00 – 3268.38 cm-1 and (c) HCN from
3331.40 – 3331.80 cm-1.
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Figure 6-10: MODIS true colour image from the Aqua satellite with detected
thermal anomalies shown as red spots, indicating widespread fires near
Darwin on 4th October 2006. In the image cloud appears as bright white and
smoke as white/grey plumes emanating from the fires.
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Figure 6-11: Back trajectories showing projected origin and age of parcels of air
arriving over Darwin at different pressure levels: 950 hPa (pink), 750 hPa
(red), 550 hPa (green) and 350 hPa (light blue). The crosses represent hour
intervals back in time from 18:00 on the 4th October 2006.

The back

trajectories were generated by the European Centre for Medium-Range
Weather Forecasts, (ECMWF) Trajectories, via the British Atmospheric
Data

Centre,

2006

-

2008.

Available

http://badc.nerc.ac.uk/data/ecmwf-trj/ .

from
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Figure 6-12: MODIS true colour image from the Terra satellite on 27th June
2007 with detected thermal anomalies shown as red spots, indicating intense
fires approximately 150km southeast of Darwin.

(For details of map

generation please see Acknowledgements. )
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Figure 6-13: MODIS true colour image from the Aqua satellite on 27th June
2007 with detected thermal anomalies shown as red spots. One swath is
missing but the smoke plumes from the fires detected by the instrument on
the Terra satellite approximately 3 hours earlier are clearly seen.

(For

details of map generation please see Acknowledgements.)

158

xix

Figure 6-14: Back trajectories showing projected origin and age of parcels of air
arriving over Darwin at different pressure levels: 950 hPa (pink), 750 hPa
(red), 550 hPa (green) and 350 hPa (light blue). The crosses represent hour
intervals back in time from 18:00 on 27th June 2007.
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Figure 6-15: MODIS true colour image from the Aqua satellite on 9th August
2007 with detected thermal anomalies shown as red spots. Smoke plumes
are visible from several fires at distances in excess of 200 km from Darwin.
160
Figure 6-16: Back trajectories showing projected origin and age of parcels of air
arriving over Darwin at different pressure levels: 950 hPa (pink), 750 hPa
(red), 550 hPa (green) and 350 hPa (light blue). The crosses represent hour
intervals back in time from 18:00 on 9th August 2007.

160

Figure 6-17: MODIS true colour image from the Terra satellite on 2nd
November 2006 with detected thermal anomalies shown as red spots.
Scattered fires are detected and clearly visible is a large diffuse smoke
plume apparently coming from the north.
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Figure 6-18: MODIS true colour image from the Aqua satellite on 30th
November 2006 with detected thermal anomalies shown as red spots.
Scattered fires are detected to the southeast of the region and clearly visible
is a large diffuse smoke plume apparently coming from the northwest.
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Figure 6-19: MODIS true colour image from the Aqua satellite on 20th
September 2007 with detected thermal anomalies shown as red spots.
Widespread fires are seen in the east and a general build-up of smoke is
visible across the region.
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Figure 6-20: Back trajectories showing projected origin and age of parcels of air
arriving over Darwin at different pressure levels: 950 hPa (pink), 750 hPa
(red), 550 hPa (green) and 350 hPa (light blue). The crosses represent hour
intervals back in time from 18:00 on 20th September 2007.

163

Figure 6-21 Column amounts of H2CO plotted against column amounts of CO
measured simultaneously from Darwin from 2006-2008. The results are
shown for each of 20 individual days when smoke was sampled. The plot is
colour coded to distinguish measurements made in different times of the

xx

year; orange/red for May/June, green for August, pink for September and
blue for October/November.
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Figure 6-22: MODIS true colour image from the Aqua satellite on 3rd October
2007 with detected thermal anomalies shown as red spots.
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Figure 6-23: Back trajectories showing projected origin and age of parcels of air
arriving over Darwin at different pressure levels: 950 hPa (pink), 750 hPa
(red), 550 hPa (green) and 350 hPa (light blue). The crosses represent hour
intervals back in time from 18:00 on 3rd October 2007.
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Figure 6-24. Excess HCN column plotted against excess CO column.
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Figure 6-25. Excess C2H2 column plotted against excess CO column.
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Figure 6-26. Excess C2H6 columns plotted against excess CO columns.
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Figure 6-27: Plot of Column CO against AOD at 500 nm colour coded by
month, for all InSb spectra taken during 2006-2008.
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Figure 6-28: Plot of Column CO against AOD at 500 nm for subset of InSb
spectra taken during May-July 2006-2008.
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Figure 6-29: Plot of Column H2CO against AOD at 500 nm for all InSb spectra
taken during May-July 2006-2008.
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